Even with the improvement in lifestyle interventions, a better control of cardiovascular (CV) risk factors, and improvements in CV outcomes, cardiovascular disease (CVD) still persists as the leading cause of morbidity and mortality in Portugal and Europe. Atherogenic dyslipidaemias, namely hypercholesterolaemia, have a crucial and causal role in the development of atherosclerotic CVD. The clinical approach of a patient with dyslipidaemia involves a watchful diagnosis, sustained in lipid and lipoprotein laboratory procedures, which must be harmonized and standardized. Standardization of lipid test results and reports, incorporating the total CV risk and the respective target and goals of treatment approach, guarantees that clinical guidelines and good clinical practices are followed and respected, increasing the reliability of lipid disorders screening, producing more accurate diagnoses and CV risk stratification, and improving the CV prevention and the achievement the desirable treatment goals.
Background and rationale
Even with the promotion of healthy life behaviours, the incremental control in cardiovascular (CV) risk factors, and the improvements in CV outcomes, cardiovascular disease (CVD) continues to be the leading cause of morbidity and mortality in Portugal and Europe [1e3] . Annually, CVD causes the death of more than 4 million people in Europe [4] . In Portugal, in 2014, diseases of the circulatory system and malignant neoplasms were the 2 main underlying causes of death, accounting for 55.6% of all deaths. Despite the progressive trend of decreasing in that year, death was mainly originated by diseases of the circulatory system (30.7% of the total deaths), with a startling increase of 2.4% in comparison with 2013. Cerebrovascular diseases and ischaemic heart disease stood out in the group of deaths caused by diseases of the circulatory system [1] . The number of deaths from stroke in 2013 was 11.751, corresponding to a mortality rate of 54.6 per 100 thousand inhabitants (in people > 65 years, this number grows exponentially reaching 630.2 per 100 000 inhabitants). Ischemic cardiac disease causes 6526 deaths (a standardized mortality per 100 000 inhabitants of 32.9) . By comparison, in the same period, deaths from myocardial infarction (MI), affected 4.292 individuals (standardized mortality rate of 22.2) [2] .
Atherogenic dyslipidaemias, namely hypercholesterolaemia, have a crucial and causal role in the development of atherosclerotic CVD (ASCVD) [5] , nowadays, no longer questioned. Increased plasma levels of cholesterol-rich apolipoprotein-B (apoB)-containing lipoproteins e especially low-density lipoprotein cholesterol (LDL-C) e are causatively related with ASCVD [5, 6] . The role of triglyceride-rich lipoproteins (TGRL) is under active investigation. Remnant lipoproteins [total cholesterol e (LDL-C þ HDL-C)] have been identified in Mendelian randomization studies, similar to LDL-C, as pro-atherogenic lipoproteins [7] . In face of the knowledge we have acquired over the years on the pathogenesis of atherosclerosis, it is tempting to reclassify the recognized ASCVD risk factors into causative and exacerbating, and consider the other as "mere" bystander phenomena, so that, unlike onlooker elements, causal and aggravating factors must be elected targets for therapy (6) ( Table 1) .
The prevalence of dyslipidaemia in Portugal has been studied in various regional and national epidemiological studies for the last decades [8e12] . In 2010, the prevalence of hypercholesterolaemia was estimated in 55.5% of the population aged >18 years (56.7% male and 54.5% female). A recent study evaluated the costs and the burden of hypercholesterolaemia in Portugal [13] , assuming that, in 2010, 1689 deaths can be attributed to hypercholesterolaemia (1.6% of the total deaths in Portugal in 2010). The DALYs (disability adjusted life years) resulting from disability and premature deaths caused by hypercholesterolaemia were 12,174 (481 from acute MI, 235 from other ischemic heart disease and 974 from ischemic stroke). The estimated direct cost attributable to hypercholesterolaemia, corresponding to 2013 prices, was V 320 millions (V 32 millions for in-patient care and V 288 millions for ambulatory care). Indirect costs generated by disability attributable to hypercholesterolemia add up to V 198 millions. Therefore, the overall costs of disease are estimated at V 518 millions, z 0.3% of the Portuguese GDP (gross domestic product).
The clinical approach of a patient with dyslipidaemia (in primary or secondary prevention) requires an attentive diagnosis, sustained by lipid and lipoprotein laboratory measurement [14] . With a scarce (but very appealing) clinical symptomatology and semiology, the diagnosis is based on the understanding of lipoprotein metabolism (which influences the choice of the treatment proposed), on the laboratory confirmation of dyslipidaemia, the exclusion of a secondary cause (which can coexist, influence or modulate the expression of a primary dyslipidaemia), and the evaluation of global CV risk; and the decision of treat, discussing and analyzing the most appropriate strategy, using the best scientific evidence, compared with clinical experience and patient's expectations.
An adequate screening, prevention, diagnosis, monitoring and treatment, combined with an accurate and standardized laboratory diagnosis, are essential to the management of dyslipidaemias and CVD prevention in clinical practice [4, 5] . Several international guidelines and recommendations have been published, and are regularly updated, intending to promote the prevention and treatment of ASCVD. In Europe, in 2016, the European Atherosclerosis Society (EAS) and the European Society of Cardiology published the "2016 ESC/EAS guidelines for the management of dyslipidaemias" [4] , complementing and individualizing the "2016 European guidelines on cardiovascular disease prevention in clinical practice" [5] . In Portugal, 3 specific standards of good clinical practice (GCP) made available by the Directorate General of Health (DGS) on this same topic [15e17] . These should be sources of guidance and instruments to support clinical decision in the National Health Service and to promote the development of excellence in health care and their evaluation in the hospital networks, health centres, family health units and continuous care.
In this paper, a panel of experts of clinical pathology and laboratorial medicine, lipidology, cardiology, internal medicine and endocrinology intend to gather the evaluation of lipid profile in Portugal, with a special focus on treatment targets and goals, acknowledging that lipid goals are part of the CV risk reduction strategy and that they are defined according to the individual global CV risk stratification. We also want to underline some other lipid To achieve consensus, the group debated during a live meeting and via the internet. One initial draft was prepared by a designated member and distributed to obtain the opinion of all the other members. The paper is, therefore, the result of a consensusbuilding process by a group of experts that is not necessarily representative of all Portuguese physicians. Nevertheless, all the members are deeply involved in CVD prevention and 2 members work in clinical laboratory procedures and reports. All the authors are members of the main national scientific societies, being frequently called upon to provide recommendations for general practitioners and specialists in CV and laboratory medicine, and all have contributed to the paper review according to their area of expertise. A final document was accomplished and endorsed by the initial proposed Scientific Societies. The harmonization of the lipid profile assessment and reporting can be of great value for clinical analysis laboratories and to provide medical practitioners with the ability to optimize therapy according to each patient's CV risk. This proposal reflects the more recent European guidelines on CVD prevention [5] and on the management of dyslipidaemias [4] .
Lipid and lipoprotein analyses
In addition to a careful clinical history and physical examination, laboratory tests are very important to diagnose dyslipidaemia and to rule out its secondary causes. Therefore, in clinical practice, the estimation of total CV risk, and in particular the ultimate dyslipidaemia diagnosis, entails the accurate and reasonable appreciation ee of laboratory data.
Lipid and lipoprotein concentrations have been measured and described in several ways. Some of these measurements are not easily applied for screening or routine clinical purposes. The cholesterol composition of each lipoprotein class is similar among individuals. Thus, lipoprotein cholesterol is commonly used to evaluate lipoprotein concentration, and these values have been used in the majority of CV risk population studies of, with documented predictive value.
When we are facing a lipid analysis, several issues must be considered. The validation of a lipid measurement must take into account the always present possible sources of variation, which can influence more or less significantly, the quantification and interpretation of results. The more complicated the analytic procedures, the greater the variability of the analyses. As an example, the measurement of plasma lipoproteins requires 2 steps, the partition of the lipoprotein classes and the quantification of the different classes, and both of these steps can contribute to the variability and to possible errors in the measurements.
In addition to analytic sources of error, significant pre-analytic variables may affect measured lipid and lipoprotein levels. We must remember that plasma lipid and lipoprotein measurements are nothing more than laboratorial echo, mirror of a physiological and complex lipoprotein metabolism, which is subjected to different environmental, biological, seasonal, postural and genetic variations. Plasma lipoprotein concentrations can change considerably as a result of normal physiologic variation (Table 2 ). There is a considerable intra-individual variation in plasma lipids and lipoproteins. Variations of 5e10% for total cholesterol (TC) and >20% for triglycerides (TGs) have been described [4] , especially in patients with hypertriglyceridaemia (HTG).
Laboratory measurements provide only part of the reality, the required information to diagnose a dyslipidaemia. Fasting deserves a more individualized subsequent mention. The clinician must integrate laboratory data and its interpretation in a more global appreciation of metabolism and individual medical and family history, which entails forecast the potential importance of variation factors in presence that may or may not affect the significance.
That is why, before moving forward to a therapeutic proposal or adjustment, we should take into account the mean variation profile of plasma lipid and lipoproteins levels and not accept an isolated value. Additionally, a dyslipidaemia diagnosis should be repeated once or more than once, at baseline and confirmed, at least, after 4 weeks, in order to validate or deny the lipid profile under evaluation.
Screening of a dyslipidaemia for the evaluation of total CV risk
Dyslipidaemia, as we have already stated, has a causal role in ASCVD and, consequently, in CV risk. CV risk should be regarded as the likelihood of a person developing a fatal or non fatal ASCV event over a defined period of time. Despite the crucial importance of a dyslipidaemia e namely hypercholesterolaemia e in ASCVD, this pathology is usually the result of the interaction of several risk factors. Thereby, all current guidelines on the prevention and management of CVD emphasize the importance of assessing and adjusting the supervision and treatment to total CV risk: "the higher the risk, the more intense the action should be" [4] .
In Portugal, the use of SCORE risk chart is recommended to evaluate total CV risk [17] . With the application of a risk chart such as SCORE we aim to identify the 10-year cumulative absolute risk of a first fatal ASCV event (e.g. heart attack, stroke or other occlusive arterial disease, including sudden cardiac death) in apparently healthy people with no recognized CVD. Individuals with documented clinical CV event, such as acute coronary syndrome (ACS) or stroke, type 1 or type 2 diabetes (T2DM), very high individual risk factors (e.g. familial hypercholesterolaemia or blood pressure !180/110 mmHg), and chronic kidney disease (CKD) e kidney structure or function abnormal, with glomerular fraction rate (GFR) < 60 mL/min/1.73 m 2 , for more than 3 months e are routinely at very high or high total CV risk, and no risk estimation is required [4, 5, 17] . For all other healthy individuals, the use of SCORE risk estimation is recommended. Obviously, since SCORE risk chart only appraises the first fatal CV event probability, the risk of total fatal and non-fatal ASCV event is higher. The SCORE data points to total CV event risk being approximately 3 times higher than the risk of fatal CVD in men and 4 times higher in women but, to some extent, lower in elderly. In older patients the likelihood of having a first fatal CV event is naturally higher [4, 5] .
Screening for dyslipidaemia is indicated in patients with clinical CVD (secondary prevention), in clinical conditions correlated with an increased risk for CVD (primary prevention), and in many different situations in which risk factor selection and evaluation should be considered [4, 5, 18] (Table 3) . Examples of these eventual circumstances are autoimmune chronic inflammatory conditions (e.g. rheumatoid arthritis, systemic lupus erythematous and psoriasis), women with former history of diabetes or hypertensive diseases of pregnancy e which includes preeclampsia and pregnancy-induced hypertension e, men with erectile dysfunction, patients with CKD, and individuals with clinical manifestations or family history consistent with genetic dyslipidaemias. It is also fundamental to screen for dyslipidaemia in patients with obesity, metabolic syndrome (MetS) and/or diabetes [nonetheless, patients with T2DM < 40 ages, with a short duration of therapy, with no others risk factors or target organ damages, with a LDL-C < 100 mg/ dL (2.6 mmol/L) may not need lipid-lowering intervention, and HIV-infected with or without (high active) antiretroviral treatment [4, 5] . It is essential to emphasize the deliberation of screening for dyslipidaemias in all adults (men ! 40 years and in women ! 50 years of age or postmenopausal), specially in the presence of other "classic" CV risk factors (e.g. arterial hypertension and current cigarette smoking) [4, 5, 16] . It is also recommended to screen offspring of patients with severe dyslipidaemia and family members of patients with premature CVD [4, 5, 16] .
We suggest that a baseline lipid evaluation must include the estimation of TC, TGs, HDL-C, LDL-C e calculated with the Friedewald formula or evaluated by a direct method e, and nHDL-C. There are other lipid (and non-lipid) markers which may complement the data provided by the standard lipid profile and, eventually, support the therapeutic decision-making. If available, and in specific clinical circumstances, apoB and Lp(a) can also be estimated. The suggestion to evaluate other plasma lipid ratio e like apoB/apoA-I or HDL-C/LDL-C e is less consistent and should deserve individual consideration.
Total and low-density lipoprotein cholesterol
Cholesterol accounts for almost all of the sterol in plasma, and subsists as a mixture, quite stable among normal individuals, of unesterified (30%e40%) and esterified (60%e70%) forms. TC and lipoprotein-cholesterol concentrations are usually expressed without distinguishing these 2 (esterified and unesterified) fractions. The differentiation of these forms is only recommended when it is important to quantify the fatty acid moiety to cholesteryl ester mass or the cholesterol/cholesteryl ester mass ratio [14] .
TC is used to estimate total CV risk in SCORE model. We wish to underline e as it has been emphasized by the 2016 Guidelines of dyslipidaemias [4] e that the majority of risk estimation systems and mostly all drug trials are based on TC and LDL-C, and most of the data obtained with other, sometimes logical, lipid markers (including apoB, nHDL-C and ratios) resulted from post hoc analyses. However, in some clinical situations TC can be misleading, such as in women with high levels of HDL-C (and hence with also higher CT levels) and in patients with HTG and obesity, MetS or diabetes with low HDL-C levels. These and other potential clinical situations justify that the determination of LDL-C and HDL-C are also considered in the adequate CV risk evaluation.
LDL is the major cholesterol carrying lipoprotein in plasma. LDL contains apoB-100 as its major protein, and is cleared from the plasma with a residence time of approximately 2.0 days. LDL is further divided into large buoyant LDL (lb-LDL; density 1.019e1.044 g/mL) and small dense LDL (sd-LDL; density 1.044e1.063 g/mL). The apoB-100 in the LDL particle has a plasma residence time of approximately 1.5 days, but when large buoyant LDL is converted to sd-LDL, its apoB-100 moiety is cleared slower, with a plasma residence time of almost 3 days [19] .
Multiple randomized clinical trials (RCTs) support the unequivocal evidence that the decrease of TC or LDL-C e at least in patients with high and moderate CV risk e is associated with important reductions in CV events and mortality. Every 1.0 mmol/L (38.6 mg/dL) reduction in LDL-C is linked to a subsequent 20e25% reduction in CVD mortality and non-fatal MI, 23% reduction of major coronary events, 17% reduction in stroke and 10% proportional reduction in all-cause mortality [20, 21] . The risk reduction was similar in all subgroups examined and the benefits were significant within the first year and continued to rise in subsequent years.
Several methods have been used to measure LDL-C however, these techniques are out of the scope of this paper [14, 18, 22, 23] . In clinical practice, LDL-C is either estimated by the Friedewald formula or directly measured. The former is a calculation determined by plasma TGs, TC, and HDL-C. In fasting plasma samples, LDL contains the cholesterol not present in HDL or VLDL. Thus, because VLDL carries most plasma TGs, VLDL-cholesterol (VLDL-C) concentration is estimated from the ratio of TGs to cholesterol in VLDL, and LDL-C can be determined by the Friedewald equation in which concentrations are expressed in mg/dL, and VLDL-C is represented by [plasma TGs]/5: (14) , and that this relation is equivalent to [plasma TGs/6.5], when concentrations are expressed in mg/dL. The ratio that provides the best accurate estimation of cholesterol in VLDL is under discussion, since this relation varies among populations and is affected by the laboratorial method used to measure TGs. Calculated LDL-C does not add additional expense beyond the 3 core measurements (TGs, TC, and HDL-C), but it requires a fasting sample. By contrast, direct measurement of LDL-C does not require fasting samples, but does comprise extra expenses.
The Friedewald formula has significant limitations [14, 24] , that arise mostly from several assumptions on which the method is based. First, from an analytical point of view, the inaccuracy of the Friedewald equation derives from the inaccuracies and imprecision of TC, HDL-C, and TGs measurements, namely the significant limitations in measuring both HDL-C (determination of HDL-C is particularly challenging and even a small analytical error can contribute to misclassification) and TGs. Second, the formula assumes that all plasma TGs are carried in VLDL and that the TG/ cholesterol ratio of VLDL is invariable. Neither assumption is entirely true. The calculation is not valid for samples having TGs >400 mg/dL, for patients with type III hyperlipoproteinaemia or chylomicronaemia, or nonfasting specimens. The method is unsuitable for nonfasting samples that contain chylomicrons (CMs) or samples that contain b-VLDL. Compared with VLDL, in nonfasting conditions, the ratio of TGs to cholesterol in CMs is much higher and can, therefore, underestimate LDL-C. Similarly, in the presence of b-VLDL, the ratio is much lower and overestimates LDL-C determination. Even in CMs-free samples, the ratio of VLDL-C to TGs changes as TGs levels increase. The calculation is not adequate for high TGs concentrations: errors in LDL-C become perceptible with TGs >2.26 mmol/L (200 mg/dL) and become disappointingly significant with TGs > 4.52 mmol/L (400 mg/dL). In patient with diabetes, the Friedewald formula appeared to underestimate LDL-C by 8e10%, often with a poor correlation between the Friedewald equation, ultracentrifugation or a direct LDL-C assay [24] . Under these conditions it would be better to consider the determination of nHDL-C as an alternative.
Since the Friedewald formula was first published in 1972, several investigators have tried to improve its accuracy to estimate LDL-C [25] . Recently, a group of researchers [26] , though recognizing that the implementation of a factor of 5 to every individual patient could be challenging, given the variance in the TG:VLDL-C ratio across the range of TGs and nHDL-C levels, proposed a new novel LDL-C estimate derived as (nHDL-C) À (TGs/adjustable factor) (mg/dL), where the adjustable factor was established as the strataspecific median TG:VLDL-C ratio. Apparently, this new estimation method provided a best estimate of LDL-C, particularly in patients with LDL-C 70 mg/dL in the presence of high TGs levels (see below).
Another topic to consider is non-LDL lipoproteins. Normally, LDL contributes to most part of the measured cholesterol, and IDL and Lp(a) contribute only with a few mg/dL each. However, in some hyperlipidaemia patients, these lipoproteins can contribute significantly to cholesterol measurements [27] . Currently, aggressive LDL-C lowering strategies are recommended to prevent ASCVD in high-risk populations and guidelines recommend, at least, a 50% reduction in very high-risk patients if baseline LDL-C concentrations are between 70 and 135 mg/dl (1.8e3.54 mmol/L). In a recent paper in this type of patients, calculated LDL-C < 30 mg/dL (0.8 mmol/L) must not be reported because of significant deviation from the gold standard measured LDL-C results, and concern was recommended when using Friedewald formula in patients with calculated LDL-C <70 mg/dL (1.8 mmol/L) to make treatment decisions [28] . Similarly, another group of investigators [29] showed that the equation tends to underestimate LDL-C in high-risk patients, and to classify an LDL-C as > 70 mg/dl, especially with TGs > 150 mg/dL, in spite of directly measured levels of LDL-C being higher than 70 mg/dL.
Apparently, direct LDL-C methods are useful when TGs are elevated, because they are less subject to interference by TGs even at relatively high concentrations (600 mg/dL). Another potential advantage is the convenience of measuring LDL-C in nonfasting individuals, although some experts have recommended against it [14] . However, in HTG these methods can also be less reliable (with inconsistent results and discrepancies between the different available techniques), with over-or underestimation of the LDL-C (and also HDL-C) [4] . Again, the use of nHDL-C or apoB e when available e can overcome some of these contradictions. Specialists in clinical chemistry, in their laboratories, should ultimately be responsible for defining the best method to use when determining LDL-C concentration and the technique used must be clearly stated by the laboratory providing the information.
High-density lipoprotein cholesterol, triglycerides and nonhigh-density lipoprotein cholesterol
Low HDL-C is also included in many risk estimation tools; in the SCORE database, HDL-C has a shy although useful effect in redefining risk estimation, in both genders and in all age groups (especially in elderly) and is particularly important at risk levels immediately under the 5% threshold for intensive risk modification [4, 5] . Epidemiological studies suggest that an HDL-C < 45 mg/dL (<1.2 mmol/L) in women and <40 mg/dL (<1.0 mmol/L) in men can be assumed as an additional marker for increased CV risk. However, Mendelian randomization studies have consistently jeopardized the role of HDL-C as a protective factor in atherosclerosis and CVD [30] , which has resulted in assessing the significance and the relevance of dysfunctional HDL in atherogenesis [31] . From the laboratorial standpoint, most of the available assays for direct measurement provide high quality, but we must remember that HTG can interfere in the validity of the measurements.
TGs are assessed by accurate enzymatic laboratorial techniques and these methods provide a link to the epidemiological database for CVD risk. The association of TGs with CV risk is weaker than for hypercholesterolaemia, but is clearly a significant independent CV risk factor. This relationship is sustained by recent genetic data [30] , and non-fasting TGs may carry information on remnant lipoproteins and remnant cholesterol. High TGs are commonly connected with low HDL-C and high levels of sd-LDL (e.g. diabetic dyslipidaemia). Non-fasting TGs can be applied in general screening and CV risk evaluation. From this point of view, fasting TGs >~150 mg/ dL (>1.7 mmol/L) continue to be regarded as a marker of increased CV risk (but should not considered as a target levels for therapy).
The TGs measurement should not include free glycerol, but many clinical laboratories do not correct for free glycerol. In the majority of the patients' samples, the input of free glycerol to TGs is small and, therefore, it does not have to impact the clinical decision and the calculation of LDL-C. Free glycerol concentration may be increased in the presence of strenuous exercise, liver disease, diabetes, hemodialysis, parenteral nutrition, intravenous medications containing glycerol, and stress. In patients with hyperglycerolaemia the levels of TGs are falsely very high [4, 24] .
Non-HDL-cholesterol is an estimation of all plasma atherogenic lipoproteins [VLDL, VLDL remnants, intermediate-density lipoproteins (IDL), LDL, and Lp(a)], calculated from TC minus HDL-C, and is associated with apoB levels. With a strong predictive CV risk power, nHDL-C is simple to estimate e involving no additional analyses e, does not require fasting conditions, and is a better risk indicator than LDL-C [32] . In dyslipidaemia management, nHDL-C should be used as a secondary target when LDL-C goal is achieved.
Even though some researchers [33] suggested that in Mediterranean population the burden of atherogenic particles should be taken into consideration in patients with mild hypertriglyceridaemia and different cut-off values have been proposed (100 and 130 mg/dL for LDL-C goals of 70 and 100 mg/dL, respectively), the goal for nHDL-C must remain the LDL-C goal plus 30 mg/ dL (0.77 mmol/L), as recommended by European guidelines [4, 5] .
Apolipoproteins
Studies have indicated that apoA-I and apoB may be better discriminators of CVD risk than lipid or lipoprotein determinations. ApoA-I, being the major apolipoprotein of HDL (which also has apoA-II), has a production rate of approximately 12 mg/kg/day and has a residence time of approximately 4 days, while apoB is the major apolipoprotein of the atherogenic lipoproteins: VLDL, IDL, and LDL, it stands to reason apoB/apoA-I ratio is one of the strong risk markers [5] , but with limited evidence to be considered as a treatment goal. Apolipoproteins are usually measured by immunoassay, such as immunonephelometry, the analytical performance is good but more expensive than the other common lipid parameters; it does not require fasting samples and it is not modified with markedly elevated TGs levels.
Apolipoprotein B
Each apoB-lipoprotein has only one apoB molecule. Therefore, serum concentration of apoB can be considered as a good estimate for the number of these particles in plasma and has been claimed as a stronger CV risk indicator [34] . ApoB is not included in algorithms to estimate global CV risk and has not been evaluated as a primary target in clinical trials. Nevertheless, many post-hoc analysis and meta-analysis of RCTs suggest that apoB must be also being seen as a potential secondary treatment target, when available [4, 35] . However, albeit the reasonable targets for apoB can be obtained from epidemiological studies e for instance, as mentioned above, the apoB values proposed for Mediterranean individuals were 70 and 80 mg/dL for very-high or high CV risk cluster [33] e there is still a large difference between the proposed apoB cut-off values.
Apolipoprotein A-I
In contrast with apoB, apoA-I e the major protein in HDL e does not necessarily evaluate the number of HDL particles (each HDL particle can bear one to five apoA-I molecules), but nevertheless we can consider that plasma apoA-I levels < 120 mg/dL for men and <140 mg/dL for women correspond roughly to what is believed as low HDL-C levels.
Apolipoprotein C-III
Apolipoprotein C-III (apoC-III), primarily present in CMs and VLDL, was first identified as a regulator of TGRLs in the circulation, an inhibitor of lipoprotein lipase (LPL) activity, and a key regulator of plasma TGRLs concentration. ApoC-III also facilitates hepatic VLDL assembly and secretion, contributes to the atherogenicity of LDL and HDL particles e the reason to be recognized as a possible important new CV risk factor e, and can also modulate the endothelial function and inflammation [36] . Loss of function mutations is associated with low TGs levels and a significant decline in CV risk [4] . Standardized clinical immunoassays for the measurements of apoC-III concentrations are not available; also, due to the complexity of different apoC-III multiple glycoforms, distributed in lipoprotein fractions, the development of novel techniques with high sensitivity and specificity is critical [36] . Even though apoC-III may become a new potential therapeutic target, its role in clinical practice is unknown and its routine evaluation is not recommended.
Other lipid markers: lipoprotein (a) and small-dense low density lipoprotein
Lp(a) has been perceived as an independent CV risk marker and genetic data confirm that it is causal in ASCVD and in aortic stenosis [4, 37, 38] . Plasma levels of Lp(a) are predominantly determined by genetic factors (>90%), via variation in the apolipoprotein(a) gene (gene LPA), and are very stable throughout life thus reiterating that evaluations are not required for risk assessment.
Lp(a) has common properties with LDL e with an apolipoprotein (a) [apo(a)] in its structure, homologous to plasminogen e and also a similar density to LDL (but it migrates on VLDL electrophoretic region). When Lp(a) plasma levels are very high, it may be necessary to correct LDL-C for the contribution of Lp(a)-cholesterol. To estimate the contribution of Lp(a)-cholesterol to the measured LDL-C value, where the values are given in mg/dL, the following relationship has been used:
. Currently, routine measurement of Lp(a) is not recommended, however it must be evaluated in specific patients (Table 4 ). The CV risk is significant when Lp(a) > 50 mg/dL, and in patients at risk with high levels of Lp(a) it is reasonable to intensify the treatment of modifiable CV risk factors, namely LDL-C (with intensive lipid-lowering therapy).
Lipoproteins consist of heterogeneous subclasses of particles with varying density, size, electrophoretic mobility, relative lipidprotein proportions, and binding affinity. LDL particles are fractionated according to size and density into lb-LDL (diameter !25.5 nm) and sd-LDL (diameter <25.5 nm). Decreased size and increased density of LDL have been associated with increased CV risk. Elevated concentrations of sd-LDL correlate with high TGs and low HDL-C levels in plasma (the so-called "atherogenic lipoprotein phenotype"). Metabolic studies showed that sd-LDL particles derive from the delipidation of larger atherogenic VLDL and large LDL and from direct de novo hepatic production [39] . However, the causal relationship of sd-LDL e as well as diverse subclasses of HDL e with ASCVD is uncertain and reason for debate. The existing data suggest that sd-LDL is more atherogenic than lb-LDL, because it remains longer in plasma, and its protein and lipid constituents are more liable to modification and to be picked up by scavenger receptors.
Several methods have been developed to assess sd-LDL particles (density gradient ultracentrifugation, gradient gel electrophoresis, tube gel electrophoresis, and nuclear magnetic resonance). These processes can be expensive, time-consuming, and technically demanding, rendering them too difficult for routine clinical practice or screening. The measurement of sd-LDL, looked upon as an emergent risk factor, is not currently recommended for CV risk estimation [4] . Recently, a group of investigators developed a formula to estimate sd-LDL-C using classical lipid profile from routine clinical laboratories [40] . The calculated LDL-C was obtained with the Friedewald formula (after excluding liver or renal disease). By stepwise regression analysis, nHDL-C and calculated and direct LDL-C were identified, as significant variables. The obtained regression equation in mg/dL was: sd-LDL-C ¼ 0.580 (nHDL-C) þ 0.407 (direct LDL-C) À0.719 (calculated LDL-C) -12.05. However, the study did not evaluate the proposed equation in some specific individuals with dyslipidaemias (e.g. CVD, CKD, diabetes or MetS, and type III hyperlipoproteinaemia). Future studies are required to corroborate the equation and its potential application in all populations.
Fasting or non-fasting
Traditionally, blood samples for lipid measurements are obtained in fasting conditions. Ideally, patients should fast for 10e12 h before the blood sample collection. CMs are usually present in postprandial plasma, depending on the type and amount of food ingested, and can increase the plasma TGs concentration; LDL-C and HDL-C also decline transiently in the postprandial period, consequence, at least in part, of the CETP (cholesterol ester transfer protein)-mediated compositional changes during the metabolism of CMs; these lipoproteins are almost completely cleared within 6e9 h (their presence after a 12-h fast is abnormal).
Generally, TC and HDL-C, as well as nHDL-C can be measured in non-fasting conditions. When TGs and LDL-C are measured, fasting becomes a requirement since the postprandial presence of CMs and compositional changes in LDL can lead to the underestimation of LDL-C. These assumptions, however, have been the subject of strong controversy [41e43]. Fasting and non-fasting lipid blood tests show comparable results for TC, LDL-C and HDL-C, with a very small increase (±20%) in TGs.
The response to dietary fat and postprandial lipaemia (PPL) is a polygenic phenomenon. In contrast to changes seen in TGs subsequent to a oral fat load [44] , after a normal meal TGs increase only~18e27 mg/dL (0.2e0.3 mmol/L), usually peaking 4 h during postprandial period, and LDL-C levels reduce, by an average of 8e11 mg/dL (0.1e0.2 mmol/L) or 10%, either because of hemodilution or exchange of cholesterol on LDL by TG, or as a result of the application of the Friedewald formula. TC, HDL-C, nHDL-C, and apoB 100 do not vary substantially after meals [18] .
Besides, in CV risk estimation, fasting and non-fasting lipid levels have similar predictive strength, suggesting that non-fasting lipid levels can be applied in screening and risk estimation [4, 45] (with a possible exception: patients with diabetes that, in nonfasting samples, can have lower LDL-C and underestimation in CV risk). Non-fasting condition may slightly lower LDL-C due to liberal intake of fluids and, therefore, lead to a potential minor misclassification of CV risk or an error in the initiation or titration of lipidlowering medication particularly, in diabetic patients. It is wise to recall that with non-fasting plasma TGs >440 mg/dL (>5 mmol/L) it is vital to repeat the lipid profile in the fasting state and that laboratory reports should flag abnormal values based on desirable concentration cut-points (see below) [45] . It is also important to remember that the complete characterization of severe dyslipidaemias and the follow-up of patients with HTG do not mitigate fasting conditions [4] .
Non-fasting and fasting measurements of the lipid profile must be regarded as complementary and not mutually exclusive [45] ( Table 5 ). Although we spent most of the day in non-fasting condition, fasting lipid profile is still the standard in clinical practice. Overall, a 12-h fasting period is still considered appropriate when lipoprotein measurements are used in CV risk screening and estimation and in the characterization of dyslipidaemias before treatment [4, 16] .
Treatment targets and laboratory reports
The most important purpose of CVD risk assessment is (1) to persuade individuals without treatable risk factors and low CV risk to maintain healthy lifestyles, (2) to advise individuals with treatable CV risk factors or unhealthy behaviours to modify their attitudes and to treat and manage the modifiable risk factors, and (3) to identify subjects who would most probably benefit from pharmacotherapy and concomitant lifestyle interventions.
Ideally, the decision-making thresholds and treatment goals derive from RCTs and demand to randomly allocate subjects to different lipid goals levels. There is a continuous relationship between TC and LDL-C reduction and reduction in CVD risk. Nonetheless, most available evidence in different treatment goals is based on observational studies and post hoc analyses of RCTs (and meta-regression analyses) randomly distributing different treatment strategies instead of treatment goals and, therefore, the 2016 recommendations in dyslipidaemias and CV prevention [4, 5] derived from consensus based in all the available best evidence, namely large-scale epidemiological data and lipid-lowering RCTs. The clinical benefits with lipid-lowering therapy are related to the LDL-C reduction achieved and are not specific to statin therapy. The intervention strategies rely on total CV risk evaluated and baseline LDL-C level: the higher the CVD risk, the greater the clinical benefits obtained with lipid-lowering therapy are and the higher the initial LDL-C, the larger the absolute risk reduction (despite the relative risk reduction remains constant, regardless the baseline LDL-C values).
Total CV risk reduction should be individualized and more explicit treatment goals should be identified [4] . It is also important not to disregard the considerable individual variability in LDL-C response to dietary and drugs treatments (with significant implications in terms of CVD risk reduction and events) [46, 47] . The use of lipid treatment goals can facilitate effective communication between patients and clinicians e providing an interpretable means to communicate the progress obtained in meeting treatment objectives e, maximizing long-term adherence to the treatment plan and increasing the clinical benefits of lipid-lowering drug treatment in primary and secondary ASCVD prevention.
LDL-C is recommended as the primary target for treatment, but TC may be a treatment target if other lipid analyses are not available. nHDL-C and/or apoB, when available, should be considered as secondary treatment targets. HDL-C and apoB/apoA-I and nHDL-C/ HDL-C are not recommended as treatment targets [4] . In some specific situations or patients, achieving the threshold LDL-C goal is not adequate or desirable, and, in some cases, the clinician may even decide to treat LDL-C values well below the goals. Total CV risk management and treatment must be individualized. There is evidence suggesting that lowering LDL-C beyond goals can be safe and associated with fewer ASCVD events [21, 48, 49] .
As we already suggested, in compliance with most of the major international guidelines and with Portuguese standards of GCP from DGS [17] (Fig. 1) , we strongly recommend the clinician to estimate total CV risk to assess the lipid and lipoprotein profile, to delineate a sustained therapeutic strategy and the corresponding treatment target, by introducing a shared decision-making and a relevant clinician-patient risk discussion (taking into account the potential treatment benefits, the risk of adverse events, and patient preferences before making a final decision on treatment). With these assumptions, we must take into consideration the following levels of total CV risk, supported by the existence of certain comorbidities and/or in the SCORE risk calculation (settled on by gender, age, systolic blood pressure, TC and smoking habits) [4, 5] :
• The low-risk level affects the individuals with a 10-year SCORE < 1%. Most of these individuals must keep lifestyle intervention but do not require pharmacologic therapy, except those with LDL-C ! 190 mg/dL (!5.0 mmol/L), usually with a genetic dyslipidaemia such as familial hypercholesterolemia, which have to be included in high-risk group. • The moderate-risk level includes a significant proportion of the Portuguese population (in VIVA study [50] ) and covers individuals with a SCORE risk ! 1% and <5% for 10-year risk of fatal • The high-risk group includes individuals with a SCORE risk !5% and <10% for 10-year risk of fatal CVD, and all the subjects with a markedly elevated single risk factor, namely TC > 310 mg/dL (>8 mmol/L, as in familial hypercholesterolemia) or blood pressure ! 180/110 mmHg, a large number of diabetics (some young individuals with type 1 diabetes may have a low or moderate CV risk), and individuals with moderate CKD (GFR 30e59 mL/min/1.73 m 2 ).
• Finally, the very high-risk group embraces all the patients with clinical or unequivocal evident CVD on imaging [including previous MI, ACS, coronary revascularization [percutaneous coronary intervention or coronary artery bypass graft surgery] and other arterial revascularization procedures, stroke and TIA, and peripheral arterial disease [PAD] ). This particular CV risk group also comprises diabetics with target organ damage (e.g. proteinuria) or with a major risk factor (e.g. smoking, hypertension or dyslipidaemia), patients with severe CKD (GFR <30 mL/min/1.73 m 2 ), and all individuals with a calculated SCORE ! 10% for 10-year risk of fatal CVD.
Thus, these diverse CV risk groups are associated with distinct treatment approaches and different target lipid values [4, 5, 15] : Table 5 Use of non-fasting and fasting assessment of plasma lipid profile (from Nordestgaard et al., 2016 • Lifestyle advice and a LDL-C goal of <115 mg/dL (<3.0 nmol/L) should be proposed to individuals with low-to moderate-risk.
• Patients at high CV risk are qualified for intensive lifestyle advice and are usual candidates for drug treatment. In these patients, the LDL-C goal is < 100 mg/dL (<2.6 mmol/L), or a reduction of at least 50% if the baseline LDL-C is between 100 and 200 mg/dL (2.6 and 5.2 mmol/L).
• In very high-risk individuals it is crucial to start drug treatment, and an LDL-C goal of <70 mg/dL (<1.8 mmol/L) or a decrease of at least 50% if the baseline LDL-C is between 70 and 135 mg/dL (1.8 and 3.5 mmol/L) is recommended. Please note that in individuals >60 years of age, the calculated SCORE threshold risk should not be so strictly deducted, because their age-specific risk is normally around these levels, even when other CV risk factor levels are 'normal'. Hasty initiation of drug treatments of all elderly individuals with SCORE risk >10% should be discouraged.
Along with the necessary standardization of clinical laboratory tests, the methods used in the determination of lipid profile should be stated and the laboratory report must be harmonized. In cases of direct determination of a lipid parameter, the laboratory equipment and the variation coefficient associated with the chosen method should also be specified.
Harmonization means ensuring that the results of different laboratories, using different clinical laboratory tests, at different times, to measure the same substance, are equivalent within clinically meaningful limits [51] . If the laboratory tests used in the guidelines and in GCP orientations are not harmonized, tests results do not always support the clinical directions, which can mislead patients and physicians. Instead or together with the reference values e that, in most cases, originate from the information supplied by the manufacturer in the package insert e we propose that the report of lipid test results includes specific information on LDL-C target values, according to the different CV risk groups.
It could be fair to argue that this type of "personalized report" of desirable target values is difficult to put into practice because, usually, the laboratory professional has no information on the clinical conditions and risk factors of the patient. To avoid alarming the patient, with this inclusion in a specific risk group before being seen by the patient's physician, and to overcome this clinical information problem, the laboratory report should have lipid target values, according to the different CV risk groups, with a clear indication that these are decision-making values rather than reference values.
We believe that, with this approach, make easy the lipid profile interpretation and get better the patient's interest in its own CVD risk and LDL-C target attainment. We include an example of an eventual instruction for the lipid reference values report (Fig. 2) . From a conceptual point of view, results of lipid parameters are considered abnormal if they exceed the age-and sex-specific reference interval (z2.5th to 97.5th percentiles). We propose that laboratory reports should flag nonstandard values based on desirable concentration cut-points, defined by guidelines and consensus statements [4, 5, 15, 16, 45] , to ensure that this value must receive specific attention.
Because of its prognostic connotations, some rarer conditions, with extreme abnormal lipid values, deserve further attention in laboratory reports: TGs >880 mg/dL (10 mmol/L), because of the risk for acute pancreatitis, LDL-C > 190 mg/dL (5 mmol/L) or TC > 240 mg/dL [6.2 mmol/L] in adults or > 155 mg/dL (4 mmol/L) in children, because of their potential relationship with familial hypercholesterolemia, and Lp(a) > 150 mg/dL, because it is associated with a very high risk of MI and aortic valve stenosis [45] .
Frequency of testing for dyslipidaemia
The importance of screening for lipid disorders (in adults, but also in childhood) is the early identification of dyslipidaemia and the estimation of the individual level of CV risk, the motivation for dietary and lifestyle interventions, and, if appropriate, the introduction of pharmacological treatment (or its potential intensification) to reduce the risk and severity of CVD. In the large majority of individuals, lipid disorders are clinically silent and isolated selective screening fail to identify a substantial number of individuals in CV risk and dyslipidaemia.
However, the determination of lipid values should be repeated once or more than once at baseline, with an interval of few weeks. The diagnosis of dyslipidaemia should always be confirmed by a subsequent laboratorial evaluation of lipid profile, carried out with a minimum interval of 4 weeks, prior to the beginning of any pharmacological therapy [16] . The frequency of testing depends on the individual's CV risk profile; if it is clearly under a threshold for drug intervention, then we suggest repeating lipid measurements every five years or every three years in patients close to the threshold for treatment (based on total CV risk or and LDL-C goal). A few studies suggest that a three-to four years interval of monitoring lipid levels is perhaps the minimum necessary to understand true trends in cholesterol [52] , depending on the CV risk at baseline [53] .
Please note that, nevertheless, acute stress and metabolic serious disturbances are often related to variations, more or less obvious, in the lipid profile. This is, perhaps, one of the reasons why we advise the need for a short resting period (10e15 min) in a calm and relaxing atmosphere before collecting the blood sample for laboratory evaluation. The relationship between hospitalization and the reduction of LDL-C and HDL-C is a paradigmatic example of the effect of stress on the lipid profile. In hospitalized patients, the lipid profile should not be evaluated routinely, unless there is a specific clinical indication (e.g. unknown personal history of dyslipidaemia and the need to establish total CV risk and, in that case, it must be done in the first hours of the hospitalization, in the occurrence of non-alcoholic steatohepatitis or pancreatitis) [16] . Acute MI is also associated with decreased TC, LDL-C and apoB (depending on the baseline value prior to the event), a reduction of HDL-C (and apoA-I) and a progressive increase of TGs. These changes are detected within the first 24e48 h, and may extend for 6e8 weeks (up to 3 months, in extreme cases). Analogous variations occur with stroke (especially thromboembolic), acute febrile, infectious or inflammatory processes or post-surgical [54] .
Lifestyle modifications are a crucial component for ASCVD risk reduction. Adherence to these steps should be regularly and continuously assessed. After 4e12 weeks of the initiation of drug treatment e namely with a statin e a second fasting lipid panel (TC, TG, HDL-C and, whenever possible, LDL-C) should be performed (55) , in order to evaluate the response to the treatment (both the obtained percentage of LDL-C reduction from the baseline and the absolute on-treatment LDL-C value) and to assess the patient's adherence to treatment (with the potential support of the indication and the adjustment of the lipid drug management to the lipid target goals). Afterwards, assessments should be performed every 3 months, until the therapeutic lipid goals are not achieved, and every 12 months after that, as clinically indicated [16, 55] .
When a modification is made to LDL-C lowering therapy (e.g. any intensification of lifestyle interventions, titration in statin therapy, or adding of non-statin therapies), we recommended a new lipid panel, again 4e12 weeks of the treatment adjustment, and, later, to resume the regimen already enunciated (every 3e12 months) [16, 55] .
Synopsis (authors' main recommendations) and conclusion
This consensus document aims to provide clinicians with practical guidance for the harmonization and standardization of clinical laboratory lipid tests, focusing on the more recent dyslipidaemia management guidelines.
We recommend an adequate screening, diagnosis, monitoring and treatment of dyslipidaemias, as a crucial part for CVD prevention in clinical practice. To evaluate total CV risk, we support the SCORE risk chart (adjusted for low-risk European countries, including Portugal, and, ideally, taking into account HDL-C) and the determination of first fatal ASCV risk event at 10 years, in apparently healthy people with no recognized CVD. People with clinical CV event, type 1 or T2DM, very high of individual risk factors and CKD are at very high or high total CV risk and no risk estimation are required.
Screening for dyslipidaemia is indicated in all adults (men ! 40 years and in women ! 50 years of age or postmenopausal), mainly in the presence of other "classic" CV risk factors, in patients with clinical CVD (secondary prevention) or with clinical conditions associated with increased CV risk (primary prevention), namely in patients with obesity, metabolic syndrome (MetS) and/or diabetes, in HIV-infected patients, and in people with a family history of severe dyslipidaemia and premature CVD. The baseline fasting lipid evaluation must include TC, TGs, HDL-C, LDL-C e calculated with the Friedewald formula or evaluated by a direct method e, and nHDL-C. When available, apoB and Lp(a) can also be assessed.
Total CV risk reduction should be individualized and treatment goals should be identified. LDL-C is the primary treatment target, and TC could be accepted if other lipid parameters are not available. nHDL-C and/or apoB should be regarded as secondary treatment targets. HDL-C and apoB/apoA-I are not recommended as treatment targets. We strongly recommend that the treatment lipid goals take into consideration the total CV risk.
In low-and moderate-risk individuals a LDL-C goal of <115 mg/ dL (<3.0 nmol/L) should be considered. In patients in high CV risk, the LDL-C goal is < 100 mg/dL (<2.6 mmol/L), or a reduction of at least 50% if the baseline LDL-C is between 100 and 200 mg/dL (2.6 and 5.2 mmol/L). In very high-risk patients the LDL-C goal <70 mg/ dL (<1.8 mmol/L) or a decrease of at least 50% if the baseline LDL-C is between 70 and 135 mg/dL (1.8 and 3.5 mmol/L) is recommended.
We strongly reinforce the importance of lipid test reports including specific information on LDL-C target values, according the different CV risk groups, perhaps complemented by the statement "your individual total CV risk to be determined by your attending physician". We also propose that laboratory reports should flag nonstandard values based on desirable concentration cut-points, defined by guidelines and consensus statements ( Table 6 ). The diagnosis of dyslipidaemia should always be confirmed by a second laboratorial lipid profile, carried out with a minimum interval of 4 weeks, prior to the beginning of any pharmacological therapy [16] . The frequency of testing depends on the individual's CV risk profile.
Four to 12 weeks after initiating lipid lowering drug treatment, a second fasting lipid panel should be performed. Afterwards, assessments should be performed every 3 months, until the therapeutic lipid goals are not achieved, and, later, every 12 months, as clinically indicated. When a modification is made to LDL-C lowering therapy we recommended a new lipid panel, 4e12 weeks of the treatment adjustment, and, later, to resume the regimen already mentioned. ASCVD (and its pleiotropic clinical manifestations) are preventable and its consequences greatly not inevitable. In 2014, the circulatory system diseases (cerebrovascular and ischaemic heart diseases) remain one of the main underlying causes of death in Portugal [1] . We want to promote the best healthcare of individuals -of both gender and all ages -with or at risk of ASCVD. We are aware that CV effective prevention is, frequently, overlooked in our daily practice. CV prevention emerged as an ethical state. It is important to recognize the CV risk, enhance the importance of laboratory reports and to identify clinical situations that deserve our careful intervention.
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